Background: Tuberculous pericarditis is common in Transkei (Eastern Cape). Two randomized trials showed benefits at two years for prednisolone in patients with constrictive pericarditis, and open drainage plus prednisolone in patients with pericardial effusion. Aim: To see whether the advantages of prednisolone and open drainage were maintained up to 10 years. Design: Follow-up of randomized, double-blind, placebo-controlled trials. Methods: All 383 patients (143 constriction, 240 effusion) received the same anti-tuberculosis chemotherapy. They were randomized to prednisolone or placebo for the first 11 weeks, and were followed-up over 10 years. Among the 240 with effusion, 122 were also randomized to immediate open surgical drainage of pericardial fluid versus pericardiocentesis as required. Adverse outcomes were: death from pericarditis, pericardiectomy, repeat pericardiocentesis, and subsequent open drainage. Results: The 10-year follow-up rate was 96%. In constriction patients, adverse outcomes occurred in 19/70 (27%) prednisolone vs. 28/73 (38%)
Introduction
It has long been recognized that tuberculous pericarditis is common in Transkei. 1, 2 It may present either as subacute active constrictive pericarditis or as pericardial effusion. In 1987 and 1988, we published the results, two years from randomization, of two randomized controlled trials in the management of tuberculous pericarditis in Transkei.
The first was a double-blind comparison of prednisolone vs. placebo as a supplement to 6 months of antituberculosis chemotherapy in the treatment of active constrictive tuberculous pericarditis. [3] [4] [5] The results showed that prednisolone increased the rate of clinical improvement, reduced the risk of death from pericarditis and the need for pericardiectomy, and was associated with a higher proportion of patients with an overall favourable status. The second trial compared, in a factorial design: (i) immediate, complete, open surgical drainage of pericardial fluid vs percutaneous pericardiocentesis as required; and (ii) prednisolone vs. placebo, double-blind, as a supplement to 6 months of antituberculosis chemotherapy, in the treatment of tuberculous pericardial effusion. 6 Open drainage eliminated the need for repeat pericardiocentesis. Prednisolone reduced the risk of death from pericarditis and the need for repeat pericardiocentesis, and was associated with a higher proportion of patients with an overall favourable status.
Regular follow-up of all patients continued, with an exceptionally high follow-up rate at ten years, largely owing to the dedication of the two nurses and three home visitors. 7 Accordingly, we undertook an analysis 10 years from randomization to determine whether the early benefits were maintained, and to study any further differences emerging after the first two years.
Methods
Details of the patients, their treatment and their assessments up to two years from randomization were given in the previous reports. 3, 6 In summary, they were from Transkei, of Xhosa ethnic origin, aged 5 years or more, with active non-calcific tuberculous constrictive pericarditis or pericardial effusion. They had received no previous antituberculosis chemotherapy, or no more than 2 weeks of treatment during the previous year. Those consenting to take part were all prescribed the same 6-month standard antituberculosis regimen of streptomycin, isoniazid, rifampicin, and pyrazinamide daily for 14 weeks as an in-patient, followed by isoniazid and rifampicin daily up to 6 months.
All patients were allocated at random to receive either prednisolone or matching placebo, on a double-blind basis, for the first 11 weeks of antituberculosis chemotherapy (Table 1) .
Among the patients with pericardial effusion, those who were willing, if allocated, to undergo complete open surgical drainage of pericardial fluid were allocated at random, in a factorial design, to (i) prednisolone or placebo and (ii) complete drainage by substernal pericardiotomy followed by continuous drainage, 8 or percutaneous pericardiocentesis, as indicated clinically. Patients who were unwilling to undergo open drainage were treated by pericardiocentesis as required.
After the follow-up at 2 years from randomization, patients were asked to attend for assessment annually. Those who did not attend were visited or information on their status was obtained from their relatives, friends, headman or employer. 7 Data were collected on treatment given, level of physical activity, and evidence of constriction and of tuberculosis. Level of physical activity was recorded as: 1 ¼ activity unrestricted, 2 ¼ out and about but activity restricted, 3 ¼ confined to home or hospital, or 4 ¼ bedridden. For patients who died, information was obtained on cause of death from hospital records, relatives, or other contacts. All the deaths were reviewed by an independent assessor without knowledge of the treatment group, and where possible, he classified the cause.
Statistical analysis
The previously reported analyses at two years were per-protocol analyses. Of the 143 patients with constriction, 29 (17 prednisolone, 12 placebo) were excluded from that analysis (7 incorrect diagnosis; 4 died of causes unrelated to pericarditis; 7 missed >6 weeks of antituberculosis chemotherapy; 11 could not be assessed owing to default). Of the seven misdiagnoses, five were considered subsequently to have chronic constriction and one each restrictive cardiomyopathy and liver failure. Thus, 114 (53 prednisolone, 61 placebo) were assessed at 2 years. Of the 240 patients with effusion, 42 (8 drainage, prednisolone, 8 drainage, placebo, 12 no drainage, prednisolone, 14 no drainage, placebo) were excluded from analysis (2 incorrect diagnosis; in 8 the allocated open drainage could not be done; 1 refused any treatment; 2 died before treatment could be started; 4 died of causes unrela- In contrast, the present analysis at 10 years was performed on an intention-to-treat basis. We also reanalysed all the 2-year data to compare findings with the original per-protocol analysis. In the analysis at 10 years, all randomized patients were included in the analysis of survival, patients with <10 years of follow-up being censored at the last date they were known to be alive. Those censored before 9 years, 10 months were considered lost to follow-up. The analysis of factors associated with death was performed using Cox proportional hazards regression models, separately for patients with effusion and patients with constriction, and for both groups combined. The following baseline variables, as measured in the previous reports, 3, 6 were included in an initial univariate analysis: age, gender, pulse rate, systolic pressure, diastolic pressure, pulse pressure, jugular venous pressure (JVP), degree of arterial paradoxus, liver enlargement, degree of ascites, degree of peripheral oedema, presence of tamponade, ECG voltage, cardiothoracic ratio, and level of physical activity. Variables that showed any evidence of association with death (p < 0.1) were entered into multivariate analyses along with treatment group.
The proportions of patients within each treatment group with adverse outcomes were compared using the w 2 test. The proportion of patients dying of pericarditis or postoperatively in all patients combined was tested using the Mantel-Haenszel test. Perioperative deaths were those occurring during or within 30 days after pericardiectomy. Adverse outcomes were defined as death from pericarditis, pericardiectomy, repeat pericardiocentesis, and subsequent open drainage of pericardial fluid.
Results

Patients assessed
Between July 1980 and September 1984, a total of 383 patients (143 with constrictive pericarditis, 240 with pericardial effusion) were randomized ( Figure 1) ; 122 with effusion were randomized, in a factorial design, to both comparisons and the remaining 118 to prednisolone vs. placebo. * Less than 6 mm in V6 and less than 4 mm along frontal axis shown in Table 2 . In the constriction group, the great majority had evidence of severe constriction, with tachycardia, low pulse pressure, raised JVP, enlarged liver, ascites, oedema and restricted physical activity. In the effusion group too, most patients had substantial cardiac embarrassment with restricted physical activity; 10% had tamponade.
In the intention-to-treat analysis using 2-year data, 17 more patients (6 with constriction, 11 with effusion) were assessable than in the previously published reports. 3, 6 However, their inclusion made no difference to the outcomes, and this analysis is not reported further.
Adverse outcomes
In patients with constriction, adverse outcomes of any type during the 10 years (Table 3) were less frequent in the prednisolone than in the placebo group, occurring in 19/70 (27%) vs. 28/73 (38%), respectively (w 2 ¼ 2.04, p ¼ 0.15). The difference was largely accounted for by deaths from pericarditis, which occurred in two (3%) and eight (11%) of the respective groups ( p ¼ 0.098, Fisher's exact test), although pericardiectomy was also required more often in the placebo group.
In patients with pericardial effusion, repeat pericardiocentesis was less common in patients who underwent open drainage, occurring in 3/64 (5%) vs. 12/58 (21%) patients who did not have this procedure (w 2 ¼ 7.23, p ¼ 0.007). It was also less common in those who were allocated prednisolone, occurring in 4/60 (7%) vs. 11/62 (18%) of those allocated placebo (w 2 ¼ 3.47, p ¼ 0.06). For any adverse outcome, there was, however, evidence of a treatment interaction between open drainage and prednisolone. Adverse outcomes of any type were more frequent in the group of patients who received no drainage and no prednisolone than in any other group, occurring in 14/27 (52%) patients in this group compared with 4/29 (14%) who received both drainage and prednisolone, 4/35 (11%) drainage and placebo, and 6/31 (19%) prednisolone and no drainage. The test for interaction between open drainage and prednisolone was of borderline significance (p = 0.08).
In the no drainage-placebo group there were more deaths, more pericardiectomies and more repeat pericardiocenteses than in the other three groups. Open drainage reduced greatly the need for repeat pericardiocentesis and eliminated the need for subsequent open drainage.
In the comparison of prednisolone vs. placebo in patients with effusion, the 118 who declined to participate in the drainage comparison were combined with the 58 who were allocated no drainage. Adverse outcomes of any type were substantially less frequent in the prednisolone than the placebo group, occurring in 17/88 (19%) compared with 35/88 (40%), respectively (w 2 ¼ 8.84, p ¼ 0.003; difference 21%, 95%CI 7%-34%). Prednisolone greatly reduced deaths from pericarditis and the need for repeat pericardiocentesis, which was required in 9 (10%) prednisolone and 20 (23%) placebo patients (w 2 ¼ 5.00, p ¼ 0.025). The deaths attributed to pericarditis all occurred during the first 24 months, 18 of them during the first 3 months. All but one of the 58 pericardiectomies were undertaken during the first 24 months.
A total of eight patients were reported to have a recurrence of their tuberculosis: five pulmonary (one sputum-positive), two pleural and one pericardial effusion, 10 years after entering the trial. Of the eight patients, two (one prednisolone, one placebo) were in the constriction group and six (three prednisolone, three placebo) in the effusion group.
Survival
The survival analysis was based on all 383 randomized patients, only 15 (4%) of whom were lost to follow-up before 10 years ( Figure 1) ; there were 96 deaths in all.
In patients with constriction, the Kaplan-Meier survival plot (Figure 2 ) suggests improved survival in the prednisolone compared with the placebo group (death rates 27.6 per 1000 person-years prednisolone, 37.3 per 1000 person-years placebo at ten years), although the difference was not significant (w 2 ¼ 0.70, p ¼ 0.40, log rank test). In the multivariate Cox regression (Table 4) , the only baseline variables that affected the death rate significantly were age and gender, with a greater risk for older patients (HR for a one-year increase in age 1.03, 95%CI 1.00-1.06) and males (HR 2.80 for comparison with females, 95%CI 1.39-5.63).
In patients with effusion not treated with open drainage (Figure 3) , there was also a suggestion of improved survival in the prednisolone group (death rates 25.0 per 1000 person-years prednisolone, 41.0 per 1000 person-years placebo at ten years), although the difference was not statistically significant (w 2 ¼ 2.46, p ¼ 0.12, log rank test). In the Cox regression (Table 4) , the only baseline variables that significantly affected the death rate were, again, age and gender, with a greater risk for older patients (HR for a one-year increase in age 1.06, 95%CI 1.04-1.09) and males (HR 2.72 for comparison with females, 95%CI 1.48-5.02). Combining the two patient groups and stratifying for type of peri- 
Death from pericarditis** 1-3 months * Some patients appear in more than one category. ** Numbers in brackets are perioperative deaths associated with pericardiectomy.
carditis, there was evidence (p ¼ 0.044) that, after adjusting for age and sex, prednisolone conferred a significant survival advantage over placebo (HR 0.64, 95%CI 0.41-0.99). The causes of death are shown in Table 5 . There was strong evidence that the proportion of patients dying from pericarditis or perioperatively was smaller in the prednisolone than in the placebo groups (p ¼ 0.004, Mantel-Haenszel stratified w 2 test). Most deaths, however, were from causes unrelated to pericarditis. The perioperative mortality rate for pericardiectomy was 6/58 (10%).
Levels of physical activity
The analysis of levels of physical activity at 10 years ( Table 6 ), showed that the majority of survivors were out and about, but with some restriction of activity; very few were confined to home or hospital, and none were bedridden. Of the 67 predni- solone and 69 placebo patients with constriction who were assessed, 46 (69%) and 46 (67%), respectively, were out and about, even if with some restriction. The corresponding figures for patients with effusion who did not undergo drainage were 60/84 (71%) and 49/82 (60%) (w 2 2.51, p ¼ 0.11).
Discussion
The main reasons for undertaking the present follow-up were to see whether the previously reported advantages of prednisolone and of open drainage were maintained, and to assess the risks of late constriction and of death from pericarditis after 2 years. Follow-up was remarkably complete, and so bias from missing data is very unlikely. Particularly important findings are that the benefits of prednisolone and open drainage were maintained, that no deaths attributed to pericarditis were seen between 2 and 10 years, and that only one patient required pericardiectomy for constriction after 2 years. The patients were, in general, in poor clinical condition on entry to the trial. The benefits of treatment were assessed in terms of the avoidance of adverse outcomes (death from pericarditis, pericardiectomy, repeat pericardiocentesis, subsequent open drainage of pericardial fluid). In patients with constriction, prednisolone reduced the proportion of patients with adverse outcomes from 38% to 27%, although this difference was not significant (p ¼ 0.15), reducing pericarditis deaths from 11% to 3% (p ¼ 0.06). In patients with effusion, adverse outcomes were more frequent in patients who received neither prednisolone nor open drainage (52%) than in the other three groups (11-19%) (p ¼ 0.08 for the interaction). Open drainage and prednisolone reduced greatly the need for repeat pericardiocentesis, and eliminated the need for subsequent open drainage, but had no effect on the proportions of patients dying from pericarditis. In patients with effusion but no drainage, prednisolone reduced the proportion of patients with adverse outcomes from 40% to 19% (p ¼ 0.003), this reduction being accounted for largely by a reduction in the need for repeat pericardiocentesis from 23% to 10%.
After adjusting for age and gender, there was evidence of an overall survival advantage in the prednisolone groups (p ¼ 0.044). The higher death rate that was found in older patients might have been expected, but not necessarily that in males. In spite of the poor clinical condition of patients on entry to the trial, at 10 years the great majority of surviving patients were fully active, or were out and about even if activity was restricted. In the constriction and effusion groups combined, prednisolone had a major influence in reducing deaths from tuberculous pericarditis (p ¼ 0.004).
The ability of prednisolone to reduce the need for pericardiectomy is important, because pericardiectomy is a major procedure in a developing country, and carries a risk of perioperative mortality (10% in the current study).
The standard treatment for pericardial effusion is pericardiocentesis, which is safe, especially if echocardiography is available. However, open drainage on admission proved to be more effective; indeed, it virtually eliminated the need for repeat pericardiocentesis, which was necessary to relieve tamponade in 21% of patients who did not have open * 'Other' causes, each of which occurred only once, were: acute intestinal obstruction, inguinal hernia, suicide, renal failure, epileptic fit, myocardial infarction, murder, lightning strike, pulmonary oedema, diabetes, and gastrointestinal haemorrhage.
In conclusion, this 10-year follow-up confirms our recommendation that, in the absence of a specific contraindication, a corticosteroid should be prescribed in addition to antituberculosis chemotherapy in the treatment of patients with active subacute tuberculous constrictive pericarditis or pericardial effusion. Also, it shows that a very high rate of follow-up can be achieved in the developing world. Experience in a small number of patients suggested that a higher dose of prednisolone with rapid reduction and shorter duration than in the present study may be more effective, 12 and this merits further study.
